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Background: The aim of the present study was to assess the genetic diversity of Pantaneiro sheep, using
microsatellite markers, in order to assist maintenance and management plans, enhance mating systems and
reduce the inbreeding rate. A total of 127 animals were genotyped at eight microsatellite loci. They belonged
to populations from the Experimental Farm of the Universidade Federal da Grande Dourados (UFGD)
(Dourados/MS/Brazil) and Embrapa Pantanal (Corumbá/MS/Brazil).
Results: The population of Pantaneiro sheep from the UFGD exhibited a high mean number of alleles (11.13) and
allelic richness (10.66). The polymorphic information content was highly informative in the locus studied,
resulting in a mean value of 0.71. Observed heterozygosity was lower than expected for all molecular markers
assessed. The analysis of molecular variance showed a differentiation rate of 5.2% between populations.
Conclusions: The results of the statistical parameters indicated that populations of Pantaneiro sheep require
special attention on herd management, and it's further necessary to implement breeder exchange programs in
order to preserve the genetic variability of these populations. Furthermore, the maintenance of those
populations in their typical habitats is rather required to allow different responses from the herds to the
interactions between genotype and environment.© 2014 Pontiﬁcia Universidad Católica de Valparaíso. Production and hosting by Elsevier B.V. All rights reserved.1. Introduction
The genetic group of sheep adapted to the conditions of the
Pantanal of the state of Mato Grosso do Sul in Brazil [1] is known
as the Pantaneiro sheep. They can be used as an animal genetic
resource to improve sheep production for meat and milk in this
state. Females of this breed have no reproductive seasonality and
are an important role in the performance of their lambs during
the period from birth to weaning [2,3]. Lambs have a satisfactory
productive potential, in terms of carcass traits and meat qualityia Aplicada a Produção Animal,
sa Góes, 1761 - Vila Progresso.
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araíso. Production and hosting by El[3,4]. In addition, Pantaneiro sheep produce wool, which can be
used as feedstock in regional craftwork.
Native Brazilian sheep breeds are characterized by rusticity and
adaptability to tropical and subtropical areas within Brazil. Gomes et
al. [1] stated that the Pantaneiro sheep exhibit a combination of alleles
of wool and woolless sheep breeds from southern and north-eastern
regions of Brazil. These animals are phenotypically similar to each
other, but differ from other breeds bred in Brazil. Currently, the
Pantaneiro sheep is widely diffused in several isolated farms in the
state of Mato Grosso do Sul. They live for a long time in Pantanal
region and surely faced natural selection mechanism without going
through breeding programs. This fact conﬁrms that these sheep are
locally adapted [2].
Molecular genetic markers, such as microsatellites, can complement
morphological and productive information about genetic resources,
contributing to an increase in the efﬁciency of processes of genetic
diversity and genetic purity analysis. In addition, they are able to
generate information for the planning of crossings and the selection of
genotypes in genetic breeding programs [5]. Microsatellites are
suitable for studies of both genetic variability and parentage tests.
These markers are co-dominant and frequently have an expectedsevier B.V. All rights reserved.
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individuals. Due to the speciﬁcity of the PCR assays associated with
the high polymorphic content of these markers, it is possible to
determine the identity of individuals based on estimates derived from
allelic frequencies.
Assessments of genetic diversity using microsatellite markers have
become an important tool for conservation programs and those
involved in the genetic breeding of animal herds in conservation
nuclei. The aim of the present study was to assess microsatellite
markers, in terms of characterizing and determining genetic diversity
for conservation and management, in order to enhance the mating
system and reduce consanguinity in populations of Pantaneiro sheep.
2. Materials and methods
2.1. Animals
Blood samples were collected from 127 animals by jugular
venipuncture from each animal using 4.5 mL collection tubes
(Vacutainer®) for the genomic DNA extraction, from two conservation
nuclei of Pantaneiro Sheep. The conservation nuclei were located on
the Experimental Farm of the Universidade Federal da Grande
Dourados (UFGD) in the city of Dourados/MS (64 female and 5 male),
using a herd formed approximately eight years previously with
animals from the ANHANGUERA-UNIDERP Sheep Technological Center
in Campo Grande/MS. The other was located at Embrapa Pantanal (47
female and 11 male), using a herd formed approximately 5 years
previously, with animals from different places of the Pantanal plain of
Corumbá/MS, Brazil.
2.2. Microsatellite loci
Genomic DNAwas extracted fromblood using 300 μL of bloodwhich
were incubated in microtubules at 60°C with 3 μL of proteinase K
(20 mg = μL) and 500 μL of 20% SDS (sodium dodecyl sulfate);
chloroform (800 μL) and a protein precipitation solution (350 μL)
were subsequently added. The microtubules were centrifuged
(14,000 rpm) for 10 min and the supernatant transferred to another
microtube. One mL of 100% ethanol was added to the pellet and it was
centrifuged again, followed by another washing of the precipitate in
70% alcohol. After drying the pellet, 50 μL of TE buffer (pH 8.7) with
RNase (10 ng = μL) was added. The material was incubated at 37°C
for 1 h and stored in a freezer at 20°C. The quantity and purity of the
genomic DNA samples was determined using a spectrophotometer
(NanoDropND-2000 UV–vis).
PCR reactions were performed for 8 microsatellite loci (CSRD247,
HSC, OarAE129, MAF214, OarFCB304, OarCP49, SPS113, and D5S2)
including those proposed by the Ministry of Agriculture Herds and
Provisions of Brazil (MAPA) [6] and markers recommended by the
International Society for Animal Genetics (ISAG) [7]. Reactions were
performed using a multiplex ﬂuorescent system, with all markers
included simultaneously. The PCR was performed in a ﬁnal volume of
10 μL, containing: 3.6 μL of ultrapure water; 1.5 μL of 10× PCR buffer;
1.5 μL mix of primers; 50 mMMgCl2; 10 mM dNTPs; 0.4 μL Platinum®
Taq DNA Polymerase (Invitrogen) and 3.0 μL of template DNA (50–
100 ng). Negative controls were used to monitor the reactions. The
PCR were realized in thermocycler (Applied Biosystems®), and the
thermal proﬁle used was initial denaturing for 7 min at 95°C, followed
by 40 cycles of 30 s at 95°C, annealing at 63°C for 90 s and elongation
at 72°C for 60 s. A ﬁnal extension step was performed at 72°C for
30 min. At the end of the ampliﬁcation, the samples were stored at 4°C.
Denatured amplicons were subjected to capillary electrophoresis in a
MegaBACE™ 1000 DNA Analysis System (GE Healthcare, USA). Then, a
solution with TWEEN and molecular weight marker ET-400 (GE
Healthcare) was prepared. Each sample subjected to electrophoresis
was composed of 0.3 μL ROXsize standard, 7.7 μL TWEEN 20 a 0.1% and2 μL of the ampliﬁed product. Samples were denatured for 3 min at
94°C and cooled on ice. Sample injection was performed at 3 kV for
80 s and the electrophoresis run was performed at 8 kV for 80 min.
Genotyping results for allele discrimination were visualized in the
Fragment Proﬁler program, version 1.2 (GE Healthcare).
2.3. Data analysis
Allele frequency, private alleles and parameters of locus diversity
(expected heterozygosity (He), observed heterozygosity (Ho),
polymorphic information content (PIC), Hardy–Weinberg equilibrium
(HWE) and allelic richness (AR)) were estimated for all microsatellites
using the CERVUS 3.0 [8], Microssatelite Tookit, GenAlEx [9] and
FSTAT [10] software programs.
Estimates for the inbreeding coefﬁcient (FIS) and population
structure were assessed by analysis of molecular variance (AMOVA),
using the Arlequin program [11].
The pairwise genetic distances between all individuals were
estimated by the logarithm proportion of shared alleles (Dps) [12]
using the MICROSAT program [13]. The Neighbor joining method (NJ)
[14] was used to build a phylogenetic tree based on the genetic
distance matrix, with the aid of the PHYLIP computational package
[15] and TreeExplorer 2.1.2.
Based on the results of the genotypes of eight microsatellites, the
animals were grouped in a given number of populations and
probabilistically placed into groups inferred by Bayesian analysis,
using the STRUCTURE program [16]. The tests were performed using
an admixture model, in which the allelic frequencies were correlated.
The programs were set to distinguish samples from two different
populations. In order to select the appropriate number of inferred
populations, several analyses were conducted with K (number of
populations inferred) ranging from 2 to 5, a total of 300,000
interactions (burn-in period of 3000) and three independent
replications for each analysis. The real K values were inferred from the
magnitude of ΔK and given as a function of K, using the Structure
Harvester program [17], according to the model proposed by Evanno
et al. [18].
3. Results
Table 1 displays the descriptive statistical analysis of the eight
microsatellites for the populations of Pantaneiro sheep studied (127
genotyped animals). All loci exhibited polymorphism resulting in a
total number of 100 alleles. The mean number of alleles per locus was
12.5 (ranging from 7 to 21 for the SPS113 and OarCP49 markers,
respectively). The loci OarAE129 and SPS113 were in the Hardy–
Weinberg equilibrium when populations were analyzed together.
However, sheep from Pantaneira Corumbá had shown greater number
of markers in equilibrium (D5S2, OarFCB304, OarAE129 e MAF214),
when compared to those from Pantaneira UFGD (MAF214 e OarCP49).
The polymorphic information content was highly informative for all
loci in the studied populations (overall mean of 0.71). The population of
Pantaneiro sheep from the UFGD recorded a higher mean number of
alleles per locus (11.13) and private alleles (4.50), as well as greater
allelic richness (10.66), genetic diversity (0.73) and observed
heterozygosity (0.67) than the population from Embrapa Pantanal.
Considering that FIS values are associated with higher homozygosity,
the results of the present study indicate that the inbreeding coefﬁcient
(FIS) was higher for the Embrapa Pantanal population (0.11) than for
the UFGD population (0.09) (Table 2). Among the eight analyzed loci,
the population from Embrapa Pantanal showed greater number of loci
(4) compared to those from UFGD population (2).
The AMOVA revealed differences (5.2%) between the populations of
Pantaneiro sheep studied. The estimates of genetic differentiation based
on FST were signiﬁcant (P b 0.002). The individual dendrogram of both
populations was built using the Neighbor joining method, based on
Table 1
Microsatellite genetic variation in populations of Pantaneiro sheep.
Locus N Ho He PIC FIS HWE F (null)
Pantaneiro sheep (n = 127) CDR247 13 0.80 0.80 0.76 -0.01 NS -0.01
D5S2 9 0.60 0.60 0.56 0.00 NS -0.01
HSC 15 0.77 0.85 0.84 0.10 NS +0.05
MAF214 9 0.54 0.58 0.81 0.06 NS +0.02
OarAE129 12 0.40 0.69 0.72 0.42 *** +0.26
OarRCP49 21 0.72 0.78 0.76 0.07 NS +0.04
OarFCB304 14 0.60 0.73 0.68 0.18 NS +0.10
SPS113 7 0.58 0.65 0.60 0.11 *** +0.07
Mean (SD) 12.5 ± 4.40 0.62 ± 0.13 0.71 ± 0.09 0.71 ± 0.09 0.12 ± 0.09 2 0.06 ± 0.05
Number of alleles per locus (N), observed heterozygosity (Ho), expected heterozygosity (He), polymorphic information content (PIC), inbreeding coefﬁcient (FIS), Hardy–Weinberg
equilibrium (HWE) and F (null) frequency of null alleles. NS — Not signiﬁcant. *** At equilibrium P b 0.001.
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animals. Most of the animals were grouped within their population in
the dendrogram, although there were a number of exceptions (Fig. 1).
Table 3 shows the proportions of each population attributed to the
two groups inferred by the STRUCTURE program, with minimal
variance.
The genetic structure of populations was analyzed using Bayesian
statistics and the STRUCTURE program, with increasing numbers of
populations inferred by the program itself. The K = 2 (Fig. 2)
corresponds to the K inferred by the Structure Harvester program,
according to the methodology proposed by Evanno et al. [18], in
which both populations of Pantaneiro sheep were visualized by
complex patterns of miscegenation and the similarity between them.4. Discussion
Data in the present study provides preliminary evidence of the
genetic variation of animals belonging to the genetic group of
Pantaneiro sheep from two different conservation nuclei in the state
of Mato Grosso do Sul, Brazil. The marker analysis indicated that eight
loci of microsatellites were considered informative in the analysis of
characterization and genetic diversity of Pantaneiro sheep, since they
exhibited more than four different alleles per loci [19].
The mean number of alleles per loci was 12.5, which can be
considered high when compared with other studies that assessed
these markers in ovine breeds [20,21,22]. This ﬁnding demonstrates
that there is a high variability in the population of Pantaneiro sheep,
which can be observed in other locally adapted breeds [23,24],
thereby indicating that until now, the population has been exposed to
a low artiﬁcial selection.
The averages of Ho (0.62) were lower than that of He (0.71),
which indicates a higher quantity of homozygote and increased
heterozygosity, reinforcing the need for studies of genetic
management in the herd. The microsatellite markers used for the
Pantaneiro sheep were considered highly informative, exhibiting a
PIC ranging from 0.56 to 0.84 and a mean value of 0.71 when
analyzed together [25]. Arora et al. [26], Santos-Silva et al. [27] and
Yilmaz and Karaca [28] obtained PIC values similar to those of theTable 2
Genetic diversity of populations of Pantaneiro sheep.
Populations N ANA HO HE PA FIS AR GD HWE
UFGD 69 11.13 0.67 0.74 4.50 0.09⁎ 10.66 0.73 2
Embrapa Pantanal 58 8.00 0.57 0.64 1.37 0.11⁎ 7.90 0.64 4
Number of animals (N), average number of alleles (ANA), observed heterozygosity (Ho),
expected heterozygosity (He), mean of private alles (PA), inbreeding coefﬁcient (FIS),
allelic richness (AR), genetic diversity (GD), loci number in Hardy–Weinberg
equilibrium (HWE).
⁎ P b 0.003.present study, indicating the genetic efﬁciency of these markers in
studies about Pantaneiro sheep genetic diversity.
Among the studied markers, only two showed to be in HWE
(OarAE129 and SPS113) when Pantaneiro sheep populations were
analyzed together. The marker OarAE129 showed the largest
difference between observed and expected heterozygosity. A
signiﬁcant deviation observed for this marker may be explained by
unobserved null alleles leading to high FIS values. Nonetheless, when
the same populations were analyzed separately, the Pantaneiro sheep
from Embrapa displayed a high number of loci in equilibrium.
Probably, this event is related to the different FIS detected in the herds
studied, which could be related to differences on the handling of
animals, i.e. Pantaneira Corumbá population may have gone through
processes of artiﬁcial selection and breeding programs distinct of
those faced by UFGD herd (Table 1).
The different levels of inbreeding found between the Pantaneiro
sheep populations (UFGD and Embrapa) could be related to the
mating system (UFGD offers a continuous replace of breeders while in
Embrapa it's nonexistent) adopted in different herds. Considering that
the reproductive management of these animals is based on
phenotypes (herds are constituted of genetically related individuals)
and the fact that there is a small number of breeding males, the
utilization of molecular tools based on genotypes could enhance the
genetics of herds.
The genetic analysis of both Pantaneiro sheep populations
demonstrated heterozygosity, an average number of alleles, private
alleles, allelic richness, as well as high genetic diversity (Table 2). This
is due to the genetic variability found in herds with few management
interventions, as was the case in the herd of the present study.
Therefore, it is essential to maintain the stock of genetic resources in
order to conserve the diversity in locally adapted herds [29,30,31].Fig. 1. Individual phylogenetic dendrogram, based on the Neighbor joining method, with
the populations of Pantaneiro sheep.
Table 3
Number of individuals (N) per population and proportion of association of each
population in each of 5 groups inferred by the program Structure. Associations greater
than 0.5 are in bold.
Populations Inferred clusters
1 2 N
UFGD 0.360 0.640 69
Embrapa Pantanal 0.682 0.318 58
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[32] when studying naturalized breeds.
Animals from the UFGD population exhibited higher values for
genetic diversity, the mean number of alleles and allelic richness than
the Embrapa population. This result conﬁrms the formation and
management of two conservation nuclei. The UFGD herd was formed
from different herds. Mating exchanges from different areas of the
Pantanal region are common. Conversely, the Embrapa herd contained
a small number of males and was isolated for a long time. Therefore,
new males are needed in order to minimize the inbreeding coefﬁcient
between populations. Furthermore, the maintenance of those
populations in their typical habitats (UFGD — Região de Cerrado/Mata
Atlantica e EMBRAPA — Região do Pantanal) is rather required to
allow different responses from the herds to the interactions between
genotype and environment.
The ﬁndings reported above could be associated with the
differentiation results of the populations analyzed, where a signiﬁcant
level of genetic variation (i.e. 5.2%) was observed (P b 0.002; AMOVA)
between Pantaneiro sheep populations. In addition, a recent evolutive
process, caused by genetic derivatives and geographical distance,
could be included as a cause of this genetic differentiation.
Based on the individual phylogenetic dendogram from individuals of
both populations, it was possible to observe that most of the animals
belonging to the same population were grouped in the same cluster,
although some animals did not follow this pattern (Fig. 1). Santos-Silva
et al. [27] studied 6 Portuguese native breeds (Algarvia, Badana, Galega
Bragançana, Galega Mirandesa, Mondegueira and Churra da Terra
Quente) and observed that animals from the same population shared
the same cluster through the utilization of microsatellites markers. This
result could be used to assist management programs for genetic
resources aiming to increase genetic variability.
The number of populations, as well as the population structure
generated by the STRUCTURE program (Fig. 2), also conﬁrmed that
both populations are similar and have a common cluster pattern that
shares alleles with few differences. This may be due to genetic
derivatives and different management and selection processes. On
Table 3 it is possible to observe that in genetically homogeneous
populations, tests for individual allocation are more effective. Possibly,
better results would be obtained by increasing the number of markers,
enabling the use of these tests for the genetic management of
populations of Pantaneiro sheep.Fig. 2. Individual grouping of 127 Pantaneiro sheep populations from the UFGD and
Embrapa, analyzed by the Bayesian statistical method using the STRUCTURE program.
Each animal was represented by a vertical line divided into segments classiﬁed by size
and color, corresponding to the relative proportion of the genome of the animal
concerning each group.In conclusion, the results of the present study indicate that attention
should be given to the genetic management of Pantaneiro sheep herds.
The population of Embrapa Pantanal has a lower allelic richness and
high FIS value indicating a high level of inbreeding. These results are
due to the inexistence of a reproductive management and exchange or
introduction of new individuals. The UFGD population had lower
inbreeding coefﬁcient and superior results of genetic diversity and
richness, the management of this herd needs to be taken care of so
that these values do not decline over the years. Furthermore, we
suggest genotype analyzes including Pantaneiro herds from distinct
conservation sites. It is suggested that studies should be conducted in
order to implement a genetic management of these valuable genetic
resources by inserting in this context exchange between different
breeding herds that have different origins. These measures will assist
maintenance and improve the genetic base of these animal groups,
enabling the conservation of herds with a high genetic diversity in the
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